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FRPPXQLFDWLRQV FDXVHG E\ WKH UDLOZD\ HQYLURQPHQW :H SURSRVH LQ WKLV SDSHU D PHWKRGRORJ\ EDVHG RQ DQ
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LQIUDVWUXFWXUHVGHSOR\HGDORQJWUDFNFDQQRWHTXDO2QWKHRQHKDQGWKH\FDQFRPSOHPHQWRUUHSODFHWKH
WUDFNVLGHHTXLSPHQWDQGWKXVUHGXFHWKHLQVWDOODWLRQVDQGFRQVHTXHQWO\WKHDVVRFLDWHGFRVWV2QWKHRWKHU
KDQGWKH\FDQFRQWULEXWHWRLPSURYHUDLOZD\QHWZRUNFDSDFLW\DVWKH\SURYLGHWUDLQSRVLWLRQVUDWKHUWKDQ
WUDFN VHFWLRQ RFFXSDQFLHV *166 *OREDO 1DYLJDWLRQ 6DWHOOLWH 6\VWHP FDQ LQ SDUWLFXODU RIIHU
ORFDOL]DWLRQ VHUYLFHV LQ(5706 (XURSHDQ5DLO7UDIILF0DQDJHPHQW6\VWHP WKH V\VWHPGHYHORSHG WR
KDUPRQL]HDW(XURSHDQVFDOHUDLOZD\VLJQDOOLQJDQGFRQWUROFRPPDQGV\VWHPV+RZHYHUXVLQJ*166LQ
VXFK VDIHW\ DSSOLFDWLRQV LV VORZHG GRZQ ZKHQ WU\LQJ WR FRPSO\ ZLWK UDLOZD\ VWDQGDUGV ,QGHHG
GHPRQVWUDWLRQVRI5$065HOLDELOLW\$YDLODELOLW\0DLQWDLQDELOLW\DQG6DIHW\SURSHUWLHVDUHUHTXLUHGRQ
QHZVROXWLRQVHPEHGGHGLQWUDLQV(17KH\DLPDWYHULI\LQJLIDOOGHSHQGDELOLW\5$0DQG
VDIHW\ DVSHFWV DUH FRQWUROOHG RYHU WKH OLIHF\FOH RI WKH VROXWLRQV EHIRUH XVLQJ WKHP RSHUDWLRQDOO\ 7R
DQDO\VH WKH ORFDOL]DWLRQ VHUYLFH GHOLYHUHG E\ *166 WKH 5$06 HYDOXDWLRQ WHFKQLTXHV DUH QRW DEOH WR
FRQVLGHUWKHVLJQDOGHJUDGDWLRQVDQGLQSDUWLFXODUWKRVHSURYRNHGE\HQYLURQPHQWHIIHFWV7KHVHRQHDUH
FDXVHGE\VLJQDOUHIOH[LRQVRQREVWDFOHVOLNHYHJHWDWLRQRUUDLOZD\FXWWLQJV$VWKHSRVLWLRQFDOFXODWLRQLV
EDVHGRQVLJQDOSURSDJDWLRQWLPHPHDVXUHPHQWIURPWKHVDWHOOLWHVWRWKHXVHUUHFHSWLRQDQWHQQDDQ\VLJQDO
GHOD\LVVXVFHSWLEOHWRGHJUDGHWKHVHUYLFH
7KHPDLQFKDOOHQJHLVVRWRGHYHORSSURRIPHWKRGVFDSDEOHWREHDSSOLHGWRDQ\WHFKQLFDODUFKLWHFWXUHV
EDVHGRQ*166FRQVLVWHQWZLWKWKHUDLOZD\FHUWLILFDWLRQSURFHVVGHGLFDWHGWRVDIHW\UHODWHGV\VWHPVDQG
DEOH WR FRQVLGHU VLJQDO GHJUDGDWLRQV ,Q WKLV DUWLFOH ZH ZLOO IRFXV RQ ZKDW FDQ EULQJ *166 DORQH IRU
UDLOZD\VDIHW\DSSOLFDWLRQVJLYHQFRQVWUDLQLQJUDLOZD\HQYLURQPHQWVIRUVLJQDOUHFHSWLRQ7RFRQWULEXWHWR
WKLV HIIRUWZH SURSRVH DPHWKRGRORJ\ WKDW HYDOXDWHV VHYHUDO5$06SURSHUWLHV RI D*166 UHFHLYHU E\
DQDO\VLQJ WKH ORFDOL]DWLRQ GDWD SURYLGHG LQ RXWSXW RI WKH UHFHLYHU 7KXV WKH HQYLURQPHQW VRXUFH RI
QXPHURXV ORFDOL]DWLRQ HUURUV FDQ EH FRQVLGHUHG ZKHQ WKH PHDVXUHPHQWV DUH REWDLQHG IURP D UHFHLYHU
HPEHGGHG LQ D WUDLQ HYROYLQJ LQ D UDLOZD\ FRQWH[W 7KH PHWKRGRORJ\ XVHV D VSHFLILF 2SHUDWLRQDO
([SHULHQFH)HHGEDFNSURFHGXUHWKDWZLOOEHGHVFULEHGLQWKHWKLUGVHFWLRQRIWKHDUWLFOH,QSDUWLFXODUZH
ZLOOGHWDLOWKHW\SHRI5$06SURSHUWLHVWKDWFDQEHREWDLQHG%HIRUHWKHVHFRQGVHFWLRQZLOOSUHVHQWZK\
WKHUHVHDUFKSURMHFWVZRUNLQJRQWKHXWLOLVDWLRQRI*166IRFXVWRGD\RQUDLOZD\VDIHW\DSSOLFDWLRQV:H
ZLOOWDNHWKHFDVHRIWKH7U#LQ0'SURMHFWGHYRWHGWRGDQJHURXVJRRGWUDFNLQJIRUZKLFKZHZRUNHGWR
REWDLQ 5$06 YDOXHV JLYHQ GLIIHUHQW HQYLURQPHQWV FRQILJXUDWLRQV 7KH ILQDO VHFWLRQ ZLOO SUHVHQW WKHVH
UHVXOWV:HKDYHXVHG*36ORFDOL]DWLRQGDWDFRPLQJIURPVLPXODWLRQVLQRUGHUWRFRQWUROWKHHQYLURQPHQW
FRQILJXUDWLRQZLWK'PRGHOV:HZLOOGHWDLOWKHSURFHVVLQJRIWKHGDWDIROORZLQJWKHSURSRVHGSURFHGXUH
DQGZHZLOOPDNHDV\QWKHVLVRIWKHREWDLQHGUHVXOWV
6DWHOOLWHWHFKQRORJLHVIRUUDLOZD\ORFDOL]DWLRQ
7RZDUGWKHXWLOL]DWLRQRI*166LQUDLOZD\VDIHW\DSSOLFDWLRQV
7KH XVH RI *166 LQ UDLOZD\ WUDQVSRUWDWLRQ LV FRQVLGHUHG DV DQ LQWHUHVWLQJ DOWHUQDWLYH WR FXUUHQW
ORFDOL]DWLRQ V\VWHPV DV WKH\ DOORZ DFWLYLWLHV UHODWHG WR WKH ORJLVWLFV RI IUHLJKW WUDQVSRUWDWLRQ WR EH
LPSURYHG DQG WKH WUDFNVLGH HTXLSPHQW WR EH UHGXFHG 7KH XWLOL]DWLRQ RI VDWHOOLWH WHFKQRORJLHV LQ WKH
UDLOZD\ VHFWRU LV WRGD\ LQ (XURSH OLPLWHG WR QRQVDIHW\UHODWHG DSSOLFDWLRQV ,QGHHG KDYLQJ YHU\ ORZ
ULVNVWKHVHDSSOLFDWLRQVDUHPRUHHDVLO\DFFHSWHGDQGSXWLQWRVHUYLFHWKDQWKRVHKDYLQJDQLPSDFWRQWKH
VDIHW\ RI LQGLYLGXDOV DQG JRRGV $OWKRXJK WKHUH LV VRPH UHWLFHQFH WR XVH *166 IRU UDLOZD\ VDIHW\
DSSOLFDWLRQV VRPH JURXSV RI UHVHDUFKHUV DQG LQGXVWULDOLVWV KDYH SURSRVHG WHVW V\VWHPV RQ WKH ODVW WHQ
\HDUVLQRUGHUWRWDNHDQDFWLYHSDUWRIWKH(5706VWDQGDUGWKDWFRQFHUQVWKH(XURSHDQKDUPRQL]DWLRQRI
UDLOZD\VLJQDOOLQJ,QGHHGWKHVDWHOOLWHWHFKQRORJLHVFDQEULQJDQHIILFLHQWDQGLQWHURSHUDEOHDQVZHUWRILOO
WKHJDSEHWZHHQWKH(5706FRQFHSWRIVHOIVXVWDLQLQJYHKLFOHORFDOL]DWLRQDQGLWVLPSOHPHQWDWLRQ,QWKH
SURMHFWVFRQGXFWHGXQWLOQRZVXFKDV,QWHJUDLO*DGHURV/RFRSURO*X%XVWDPDQWHHWDO
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6LPVN\HWDOWZRGLIIHUHQWGHVLJQDSSURDFKHVKDYHEHHQFRQVLGHUHGIRUWKHORFDOL]DWLRQVROXWLRQ
HLWKHU*166LVWKHPDLQSDUWRIWKHVROXWLRQRULVXVHGLQFRPELQDWLRQZLWKDGGLWLRQDOWHFKQRORJLHVHJ
LQHUWLDO SODWIRUP GLJLWDO LQIRUPDWLRQ RQ WUDFN WRSRJUDSK\ WUDLQFRPPXQLFDWLRQ QHWZRUN 7KH GHVLJQ
VWUDWHJ\ KDV EHHQ RULHQWHG WRZDUGV WKH VWDQGDORQH RU K\EULG*166 VROXWLRQ DFFRUGLQJ WR WKH LQWHQGHG
JRDOSULQFLSDOO\UHGXFHFRVWVRIGHYHORSPHQWPDWHULDOLQVWDOODWLRQPDLQWHQDQFHRULPSURYHDFFXUDF\
DYDLODELOLW\FRQWLQXLW\LQWHJULW\SHUIRUPDQFHV)RUH[DPSOHDORZFRVWVROXWLRQLVSULYLOHJHGIRUWKH
WUDLQ RSHUDWLRQ RQ UXUDO UDLOZD\ OLQHV WKDW DUH RIWHQ XQSURILWDEOH EHFDXVH RI WKH ORZ GHQVLW\ WUDIILF LQ
FRQWUDVWZLWKKLJKVSHHGOLQHVIRUZKLFKKLJKSHUIRUPDQFHVDUHGHPDQGHG
1HZ V\VWHPV LQWHQGHG WR SOD\ D UROH LQ WKH FRQWURO DQG FRPPDQG RI WUDLQV KDYH WR EH UHDOL]HG
³LQVDIHW\´DVLW LV WKHFDVHIRUWKHWRGD\H[LVWLQJLQIUDVWUXFWXUHV(17KLVPHDQVWKDWWKH
V\VWHPVKDYH WREHGHVLJQHGHLWKHUXVLQJIDLOVDIHSULQFLSOHV LH WKHV\VWHPKDYH WREHDEOH WRHQWHURU
UHPDLQLQDVDIHVWDWHZKHQDIDLOXUHRFFXUVRUXVLQJDKLJKOHYHORIVDIHW\ZKHQDULVNEDVHGSULQFLSOHVLV
HPSOR\HG+RZHYHU WR UHDFK WKLVJRDO LQGXVWULHVQHHG WRNQRZZKDW WRGR LQ WHUPVRI VWDQGDUGL]DWLRQ
DQGFHUWLILFDWLRQRI*166HTXLSPHQWHVSHFLDOO\FRQFHUQLQJ5$06HYDOXDWLRQWRSURYLGHWKHSURRIVWKDW
FDQOHDGWRWKHDSSURYDORIWKHSURGXFWE\UDLOZD\VDIHW\DXWKRULWLHV
,QWKHIROORZLQJZHZLOOIRFXVRQWKH)UHQFK7U#LQ0'SURMHFWZKHUHRQO\*36LVXVHGWRORFDOL]H
IUHLJKWZDJRQV7KHILUVWREMHFWLYHLQWKLVSURMHFWZDVQRWWRGHYHORSDVDIHW\UHODWHGV\VWHP³LQVDIHW\´
EXWWRREWDLQDKLJKUHOLDELOLW\RIWKHV\VWHPSDUWVDJHRORFDOL]DWLRQDFRPPXQLFDWLRQDQGDGHWHFWLRQ
SDUWVWKDWH[DPLQHZDJRQVDQGWKHLUKD]DUGRXVJRRGVVHHEHORZ:HZRUNHGLQWKLVSURMHFWWRDQDO\VH
WKHSHUIRUPDQFHVRIWKHJHRORFDOL]DWLRQVHUYLFHJLYHQWKHVXUURXQGLQJHQYLURQPHQWRIWKHUHFHLYHU7KLV
UHVHDUFK ZRUN KDV OHG XV WR GHYHORS D 5$06 PHWKRGRORJ\ GHVFULEHG LQ WKH WKLUG SDUW RI WKH SDSHU
PHWKRGRORJ\WKDWFDQVHUYHLQRWKHUSURMHFWV
6DWHOOLWHORFDOL]DWLRQLQWKH7U#LQ0'SURMHFW
7KHREMHFWLYHRIWKH7U#LQ0'SURMHFW7UDQVSRUWLQWHOOLJHQWSDUIHUGHV0DUFKDQGLVHV'DQJHUHXVHV±
LQWHOOLJHQW UDLOZD\ WUDQVSRUWDWLRQ RI KD]DUGRXVPDWHULDOV LV WR GHYHORS D V\VWHP WKDW FDQ VXSHUYLVH WKH
WUDQVSRUWDWLRQ RI GDQJHURXV JRRGV OLNH FKHPLFDOV DFLGV JDV H[SORVLYHV HWF DQG WKDW FDQ GHWHFW DQG
LQIRUP RI LQFLGHQWV XVLQJ LQWHOOLJHQW VHQVRUV FI )LJ  WKDW JLYHV DQ H[DPSOH RI WKH ZDJRQ
LQVWUXPHQWDWLRQ$VLQJOHZDJRQWKDWFDUULHVKD]DUGRXVJRRGVFDQEHSDUWRIGLIIHUHQWWUDLQVEHWZHHQWKH
GHSDUWXUH DQG DUULYDO SRLQWV FDQ EH VWRSSHG LQ DPDUVKDOOLQJ \DUG D IUHLJKW VWDWLRQ DQG SDUNHG DW
VKLSSHUV RU FRQVLJQHHV SODQWV VR WKH ORJLVWLFV FKDLQ LV FRPSOH[ 0LQDU\ 7KH*36 VROXWLRQ KDV
EHHQ FKRVHQ WR ORFDOL]H VXFK VLQJOH ZDJRQV JLYHQ WKH FDSDELOLW\ WR WUDFN DQG WUDFH DQ\ PRELOHV E\
LQVWDOOLQJFRPSDFWHTXLSPHQWOLNHEHDFRQVRQYHKLFOHV7RGD\LQ)UDQFHWKHIUHLJKWORFRPRWLYHVDERXW
 KDYH EHHQ HTXLSSHG ZLWK *36 WR WUDFN IUHLJKW WUDLQV DQG LQIRUP FOLHQWV WKH ZDJRQV DUH QRW
HTXLSSHG
7KHDSSOLFDWLRQRI*166LQ7U#LQ0'LVVDIHW\UHODWHGDVDQ\SUREOHPFRQFHUQLQJWKHWUDQVSRUWDWLRQ
RI KD]DUGRXV JRRGV OHDNDJH RI FKHPLFDOV RYHU SUHVVXUH LQ WDQN HWF FDQ SRWHQWLDOO\ OHDG WR ULVN\
VLWXDWLRQIRUWKHVXUURXQGLQJHQYLURQPHQWDQGWKHSRSXODWLRQ6RKLJKSHUIRUPDQFHVDUHUHTXLUHGIRUWKH
V\VWHP LQ SDUWLFXODU WKH UHOLDELOLW\ DQG WKH DYDLODELOLW\ RI WKH ORFDOL]DWLRQ VHUYLFH 7KH SURFHGXUH
SURSRVHG KHUHDIWHU PDNHV SRVVLEOH WR HYDOXDWH 5$06 SURSHUWLHV:HZLOO IRFXV RQO\ RQ WKH WZR ILUVW
FULWHULDZKRVHYDOXHVDUHH[SHFWHGLQWKHSURMHFW7KHDVVXPSWLRQVXVHGWRHVWDEOLVKWKHSURFHGXUHZLOOEH
GHWDLOHGEHIRUHKDQG

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)LJ([DPSOHRIHPEHGGHGLQVWUXPHQWDWLRQRIDZDJRQLQWKH7U#LQ0'SURMHFW
3URFHGXUHEDVHGRQH[SHULPHQWVIRUWKHHYDOXDWLRQRI5$06
$VVXPSWLRQV
)URPWKHUDLOZD\XVHUV¶SRLQWRIYLHZRQO\WKHTXDOLW\RIWKHORFDOL]DWLRQIXQFWLRQSURYLGHGLQRXWSXW
RI WKH *166 UHFHLYHU LV LPSRUWDQW 7KLV TXDOLW\ GHSHQGV RQ KRZ WKH *166 VXEV\VWHPV VDWHOOLWHV
JURXQG VWDWLRQV DQG WKH XVHU UHFHLYHU UHDOLVH WKHLU PLVVLRQ 6SHFLILF UHTXLUHPHQWV H[LVW WR GHILQH WKH
TXDOLW\ OHYHO D XVHU FDQ H[SHFW IURP WKH JOREDO VDWHOOLWH V\VWHP +RZHYHU WKH\ GR QRW HQFRPSDVV WKH
XQFRQWUROOHGHUURUVLQWKHVLJQDOVFDXVHGE\WKHORFDOHQYLURQPHQWRISURSDJDWLRQHYHQLIFKDUDFWHUL]LQJ
WKHP LV IXQGDPHQWDO IRU VDIHW\ DSSOLFDWLRQV 7KH ZRUN SUHVHQWHG KHUHDIWHU ZLOO IRFXV RQ WKHVH ORFDO
SKHQRPHQDWRLQYHVWLJDWHWKHUHVHDUFKLVVXHUHODWHGWRWKHHYDOXDWLRQRIWKH5$06SURSHUWLHVRIDZDJRQ
ORFDOL]DWLRQ XQLW 7KXV ZH ZLOO DVVXPH ODWHU LQ WKH DUWLFOH WKDW SUREOHPV RFFXUULQJ LQ WKH HTXLSPHQW
SODFHGEHIRUHWKH*36UHFHLYHULQWHUUXSWLRQVRUIDXOWVLQWKHWUDQVPLWWHGVLJQDOVDUHFRQWUROOHGDVZHOODV
WKHVRIWZDUHDQGKDUGZDUHIDLOXUHVLQUHFHLYHU
7RFRQVLGHUQRZWKHLQIOXHQFHRIWKHHQYLURQPHQWDORQJWKHZDJRQURXWHVLWLVREYLRXVO\LPSRVVLEOH
WRGHVFULEHD OLPLWHGQXPEHURI UHSUHVHQWDWLYHJHRPHWULHVRI WKHHQYLURQPHQWPDVN+RZHYHUZLWK WKH
REMHFWLYHWRHYDOXDWH5$06SURSHUWLHVZHKDYHVWXGLHGHQYLURQPHQWFRQILJXUDWLRQVWKDWKDYHLGHQWLFDO
JHRPHWU\IHDWXUHVDORQJWKHZDJRQLWLQHUDU\7KHDUHDDURXQGWKLVLWLQHUDU\FRQVWLWXWHVDFWXDOO\D³W\SLFDO´
HQYLURQPHQW5$06UHVXOWVFDQWKHQJLYHUHSUHVHQWDWLYHFKDUDFWHULVWLFVIRUGLIIHUHQWW\SLFDOHQYLURQPHQWV
REVHUYHG,WLVFRQVHTXHQWO\SRVVLEOHWRPDNHFRPSDULVRQVEHWZHHQGLIIHUHQWHQYLURQPHQWSURSHUWLHV:H
ZLOO FRQVLGHU DOVR WKDW WKH UHFHLYHU LV SODFHG DW WKH WRS RI DZDJRQ WR DYRLG WKHPDVNLQJ HIIHFW RI WKH
YHKLFOHRQWKHVDWHOOLWHVLJQDOV
2XUHYDOXDWLRQSURFHGXUHEDVHGRQ*166PHDVXUHPHQWVFDSWXUHG LQFRQGLWLRQVRIRSHUDWLRQ LV QRZ
GHVFULEHG+RZWKHFROOHFWHGGDWDDUHPDQDJHGWRGHWHUPLQHSUREDELOLWLHVRUDYHUDJHYDOXHVLVSUHVHQWHG
DIWHUKDYLQJGHWDLOHGWKHVWDWHVRIWKHORFDOL]DWLRQIXQFWLRQZHDQDO\VH
7KHSURSRVHGHYDOXDWLRQSURFHGXUH
6WDWHVRIWKHORFDOL]DWLRQIXQFWLRQ

:HLGHQWLILHGWKUHHVWDWHVIRUWKHRXWSXWIXQFWLRQRIWKHUHFHLYHUWKDWLV³WRGHOLYHUHVWLPDWHGSRVLWLRQV´
)LJXUHUHSUHVHQWVWKHPDQGDQLOOXVWUDWLRQRIDWUDLQDVVRFLDWHGWRDFRUUHFWDQGDZURQJORFDOL]DWLRQ

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
)LJ6WDWHRIWKHSRVLWLRQGHOLYHUHGE\WKHORFDOL]DWLRQIXQFWLRQ
7KHWKUHHVWDWHVDUH
 FRUUHFWO\ HVWLPDWHG SRVLWLRQ LHZKHQ WKH WUXH SRVLWLRQ XQNQRZQ IRU WKH UHFHLYHU LV LQVLGH D
FLUFOHFHQWUHGRQWKHSRVLWLRQFDOFXODWHGE\WKHV\VWHP7KHFLUFOHUDGLXVLVHTXDOWRWKHPD[LPXPSRVLWLRQ
HUURUWROHUDWHGE\WKHXVHUDQGFRUUHVSRQGVWKHUHIRUHWRWKHDFFXUDF\UHTXLUHPHQW
 LQFRUUHFWO\HVWLPDWHGSRVLWLRQLHZKHQWKHHVWLPDWHGSRVLWLRQLVRXWVLGHDFFXUDF\ERXQGDULHV,Q
WKLVFDVH WKHUH LV D IDLOXUHRI WKH IXQFWLRQEXWDV WKLV LVQRW UHFRJQL]HGE\ WKH V\VWHP WKH ORFDOL]DWLRQ
VHUYLFHLVVWLOOGHOLYHUHG
 WKH SRVLWLRQ LV QRW GHOLYHUHG EHFDXVH DW WKH UHFHLYHU OHYHO QXPEHU RI VLJQDOV UHFHLYHG DUH
LQVXIILFLHQW,QWKLVFDVHWKHORFDOL]DWLRQVHUYLFHH[SHFWHGE\WKHXVHULVLQWHUUXSWHG
7KH5$06HYDOXDWLRQVFRQFHQWUDWHRQWKHKD]DUGRXVVWDWHVDQG
3ULQFLSOHVRIWKHSURFHGXUH

:H XVH DQ 2SHUDWLRQDO ([SHULHQFH )HHGEDFN 2() PHWKRGRORJ\ WR REWDLQ DQ HIILFLHQW SURFHGXUH
FDSDEOHRIPDQDJLQJDKXJHTXDQWLW\RIGDWDLQRUGHUWRHYDOXDWH5$06SURSHUWLHV7KLVDSSURDFKIROORZV
XVXDOVWHSVWKDWZHKDYHKHUHDGDSWHGWRWKH*166ORFDOL]DWLRQ
,QDQ2()DQDO\VLVFROOHFWHGGDWDFDQJLYHLQIRUPDWLRQRQWKHV\VWHPEHKDYLRXUDQGLWVHYROXWLRQLQ
UHODWLRQ WR WKH SHULRG RI RSHUDWLRQ /DQQR\  7KHVH GDWD FDQ EH IDFWV RU HYHQWV OLNH LQFLGHQWV
IDLOXUHV GHJUDGDWLRQVPDLQWHQDQFH RSHUDWLRQV GXULQJ WKH JLYHQPLVVLRQ WLPH RI WKH V\VWHP 7KH\ DUH
SURFHVVHGDQGDQDO\VHGVXEVHTXHQWO\
'DWD DVVRFLDWHG WR UHDO SRVLWLRQLQJPHDVXUHPHQWV LQ UDLOZD\ HQYLURQPHQWV FDQ EH UHFRUGHG WR NHHS
WUDFHRIWKHRSHUDWLRQDOEHKDYLRXURIWKH*166UHFHLYHU:KDWFDQEHFROOHFWHGDUHHYHQWVDQGQRWIDLOXUHV
VHH VWDWH  RI ILJXUH  DV WKH\ FDQQRW EH LGHQWLILHG GXULQJ PHDVXUHPHQWV 7KHVH GDWD SURYLGHPRUH
SUHFLVHO\LQIRUPDWLRQDVVRFLDWHGWRVLJQDOV±LQWULQVLFSURSHUWLHVRUVDWHOOLWHUHFHLYHUSDWKFKDUDFWHULVWLFV±
DQGDOVRLQIRUPDWLRQDVVRFLDWHGWRVLJQDOSURFHVVLQJOHDGLQJWRSRVLWLRQHVWLPDWLRQV7KH\FRXOGVHUYHWR
LGHQWLI\ IDLOXUHV D SRVWHULRUL 7R GHWHUPLQH DFFXUDF\ RI DQ HVWLPDWHG SRVLWLRQ D UHIHUHQFH LV QHHGHG
([LVWLQJWHFKQLFDOVROXWLRQVFDQJLYHYHU\DFFXUDWHUHIHUHQFHIRULQVWDQFHDQLQHUWLDOSODWIRUPFRPSRVHG
RI VHYHUDO VHQVRUV HPEHGGHG LQ WUDLQ 7KH SURSRVHG SURFHGXUH EHJLQV ZLWK WKH GDWD FROOHFWLRQ DQG
FRQWLQXHVZLWKVHYHUDOSURFHVVLQJVWHSV
x ,QWKHILUVWVWHSDVHOHFWLRQLVFDUULHGRXWIURPWKHDPRXQWRIFROOHFWHGGDWDVWHPPLQJIURPUHFHLYHU
RXWSXWILOHV,QGHHGHYHQLIWKHVHILOHVDUHRUJDQL]HGDFFRUGLQJWRDJLYHQIRUPDWLQ5,1(;RU10($
IRUPDW IRU LQVWDQFH WKH LQVLGH GDWD DUH YHU\ KHWHURJHQHRXV :H FDQ ILQG IRU H[DPSOH VDWHOOLWH
FRRUGLQDWHVHSKHPHULVVLJQDOWRQRLVHUDWLRVJHRPHWULFDOTXDOLW\FULWHULRQSVHXGRUDQJHVHUURUVWKH
VDWHOOLWHUHFHLYHUGLVWDQFHVHVWLPDWHGE\WKHUHFHLYHUDQGWKHLUYDULDQFH7KH\FRQVWLWXWHUDZGDWDWKDW
811 Juliette Marais and Julie Beugin /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  806 – 815 
DUHXQZRUNDEOHIRUD5$06HYDOXDWLRQ8VHIXOGDWDOHDGLQJWRWKHSRVLWLRQHVWLPDWLRQDUHH[WUDFWHGDW
HDFKVDPSOLQJLQVWDQW
x ,QWKHVHFRQGVWHSWKHXVHIXOGDWDDUHSURFHVVHGWRREWDLQLQIRUPDWLRQUHODWHGWRFRUUHFWDQGKD]DUGRXV
VWDWHV%HXJLQ7RGHWHUPLQHLIWKHUHLVDIDLOXUHRUQRWHDFKSRVLWLRQKDVWREHFRPSDUHGZLWK
WKHWUXHSRVLWLRQWKHUHIHUHQFH
x )LQDOO\ WKH REWDLQHG LQIRUPDWLRQ OHDGV WR TXDQWLWDWLYH YDOXHV WKDW FDQ EH VXEVHTXHQWO\ DQDO\VHG
VWDWLVWLFDOO\LQRUGHUWRJHW5$06UHVXOWV
7KH UHVXOWV DUH LQ UHODWLRQZLWK WKH FRQVLGHUHG DFFXUDF\ UHTXLUHPHQW EHFDXVH LW VHUYHV WR GHWHUPLQH
ZKHWKHU SRVLWLRQV DUH FRUUHFW IRU XVHUV RU QRW 7KLV UHTXLUHPHQW FDQ EH YHU\ FRQVWUDLQLQJ H[ P RU
PRUHVXSSOHH[P6RWKHSURFHGXUHFDQOHDGWRGLIIHUHQWUHVXOWVWKDWGHSHQGRQDUHTXLUHPHQW
7KHHYDOXDWHG5$06SURSHUWLHV
7KHLQIRUPDWLRQREWDLQHGLQWKHODVWVWHSRIWKHSURFHGXUHFDQOHDGWRDYHUDJHYDOXHVSUREDELOLWLHVRU
GLVWULEXWLRQVWKDWFDQVHUYHIRUWKH5$06HYDOXDWLRQ7DEOHSUHVHQWVFKDUDFWHULVWLFVWKDWFDQEHREWDLQHG
FRQFHUQLQJUHOLDELOLW\DQGDYDLODELOLW\FULWHULDWKRVHWKDWZHTXDQWLI\LQWKHIUDPHZRUNRIWKH7U#LQ0'
SURMHFW7KHWDEOHDOVRH[SODLQVKRZWKH\FDQEHFDOFXODWHG7KH>@UHIHUVWRWKHTXDQWLWLHVWKDWDUHXVHG
DQG>@UHIHUVWRWKHSURFHVVOHDGLQJWRWKHVSHFLILFSURSHUWLHV
8SWLPHDQGGRZQWLPHDUHFRQFHSWVWKDWDSSHDULQ7DEOH7KHXSWLPHIRUWKHORFDOL]DWLRQIXQFWLRQLV
DVXESDUWRIWKHZKROHUHFHLYHUXWLOLVDWLRQWLPHWKDWRQO\LQFOXGHVSHULRGVZKHQWKHIXQFWLRQLVLQFRUUHFW
RSHUDWLRQ7KHGRZQWLPHRQO\ LQFOXGHVSHULRGVZKHQ WKH IXQFWLRQ LV LQGRZQVWDWHVFDXVHGE\ IDLOXUHV
DQGVHUYLFHLQWHUUXSWLRQV
7R DSSO\ WKH SURSRVHG DSSURDFK RXU PHDVXUHPHQWV ZLOO EH REWDLQHG XVLQJ VLPXODWLRQV LQ DUWLILFLDO
HQYLURQPHQWV UDWKHU WKDQ XVLQJ D UHFHLYHU SODFHG LQ UHDO RSHUDWLRQDO FRQGLWLRQV 7KLV FDQ VHHP
FRQWUDGLFWRU\ WR2() DQDO\VLV WKDW UHOLHV E\ GHILQLWLRQ RQ UHDO GDWD%XW LQ VR GRLQJZH ILUVW DLP DW
VKRZLQJ WKH IHDVLELOLW\ RI WKH PHWKRG DQG WR PDNH LW SRVVLEOH WR FRPSDUH W\SLFDO HQYLURQPHQW
FKDUDFWHULVWLFV0RUHRYHUZLWKDVLPXODWLRQWKHH[DFWWUDMHFWRU\RIWKHPRELOHLVNQRZQ,QSUDFWLFHWKLV
LQIRUPDWLRQ FDQ RQO\ EH REWDLQHG ZLWK WKH GHSOR\PHQW RI DQ H[SHQVLYH VROXWLRQ 7KH UHVXOWV REWDLQHG
XVLQJGLIIHUHQWUDLOZD\HQYLURQPHQWVDUHSUHVHQWHGEHORZ
7DEOH5$06SURSHUWLHVREWDLQHGDIWHUFDOFXODWLRQ
$YHUDJHYDOXHV
087 0HDQ8S7LPH 3HULRGVRIFRUUHFWRSHUDWLRQZLWKRXWLQWHUUXSWLRQ$YHUDJHRQDOOSHULRGOHQJWKV
0'7 0HDQ'RZQ7LPH 3HULRGVRIVHUYLFHGHOLYHUHGLQFRUUHFWO\IDLOXUHRULQWHUUXSWLRQ$YHUDJHRQDOOSHULRGOHQJWKV
$YHUDJHIUHTXHQF\RILQFRUUHFWSRVLWLRQV 1XPEHURIIDLOXUHVRUVHUYLFHLQWHUUXSWLRQVRQDJLYHQSHULRG$YHUDJHRQWKHQXPEHURIDOOVDPSOLQJLQVWDQWV
3UREDELOLWLHV
,QVWDQWDQHRXVDYDLODELOLW\ 3RVLWLRQVWDWHDWHDFKVDPSOLQJLQVWDQW$YHUDJHRQWKHQXPEHURIRSHUDWLRQDOVFHQDULRV
$YHUDJHDYDLODELOLW\ 6DPSOLQJLQVWDQWZLWKFRUUHFWRSHUDWLRQ$YHUDJHRQWKHQXPEHURIDOOVDPSOLQJLQVWDQWV

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$SSOLFDWLRQRIWKHDSSURDFKDQGUHVXOWV
6LPXODWLRQRIUDLOZD\FRQGLWLRQV
7KH (UJRVSDFH VRIWZDUH LV HPSOR\HG IRU WKH VLPXODWLRQV 7KLV WRRO XVHV ' QXPHULFDO PRGHOV RI
HQYLURQPHQWVFDOOHGVFHQHVLQZKLFKDPRELOHFDQFLUFXODWH,WSURYLGHVSVHXGRUDQJHYDOXHVDVVRFLDWHG
WRHDFKVDWHOOLWHRIWKH*166FRQVWHOODWLRQ6LJQDOVWKDWFDQUHDFKWKHPRELOHDUHGHWHUPLQHGXVLQJD'
UD\WUDFLQJ SULQFLSOH (UURUV GXH WR ORFDO SURSDJDWLRQ SKHQRPHQD DUH FDOFXODWHG E\ DSSO\LQJ RSWLFDO
JHRPHWULFVODZVDQGUD\WUDFLQJWHFKQLTXHV

D E
F
G 
)LJD:RRGHGHQYLURQPHQWE5DLOZD\FXWWLQJHQYLURQPHQWF7XQQHOHQYLURQPHQWG8UEDQHQYLURQPHQW
:H KDYH VHOHFWHG IRXU W\SLFDO UDLOZD\ HQYLURQPHQWV 7KH ' PRGHOV RI WKHVH HQYLURQPHQWV DUH
LOOXVWUDWHGLQ)LJDWKHZRRGHGHQYLURQPHQW7UHHVKDYHEHHQUHJXODUO\SODFHGWRIDFLOLWDWHWKHPRGHO
FRQVWUXFWLRQEWKHUDLOZD\FXWWLQJHQYLURQPHQWFWKHWXQQHOHQYLURQPHQW$WXQQHOWRWDOO\PDVNVWKH
VLJQDO UHFHSWLRQ 7KH LQWHUHVW LV WKH VLJQDO SURSDJDWLRQ HIIHFWV DW WKH WXQQHO HQWUDQFH DQG H[LW G WKH
XUEDQHQYLURQPHQW7KHPRGHORIWKHFLW\RI5RXHQLVXVHGLWLQWHJUDWHVEXLOGLQJVZLWKRXWDUFKLWHFWXUDO
GHWDLOV
,QDVFHQHOLQNHGWRDPRGHOWKHZDJRQURXWHDSSHDUVLQ\HOORZGLUHFWUD\VLQUHGDQGUHIOHFWHGUD\VLQ
EOXHVHHVXEILJXUHD
8VHRIVFHQDULRVIRUVWDWLVWLFDOHYDOXDWLRQV
7KH SURFHGXUH LV EDVHG RQ PHDVXUHPHQWV WKDW DUH FDSWXUHG LQ FRQGLWLRQV RI RSHUDWLRQ DQG WKDW DUH
SURFHVVHGVWDWLVWLFDOO\%DVLFDOO\DFTXLVLWLRQVKDYHWREHSHUIRUPHGGXULQJDORQJSHULRGRIREVHUYDWLRQWR
REWDLQ VLJQLILFDQW DPRXQWV RI GDWD $V GDWD FRPH IURP VLPXODWLRQV UDWKHU WKDQ UHDO PHDVXUHPHQWV D
ZDJRQLWLQHUDU\LVUHVWULFWHGWRWKHVLPXODWLRQVRIWZDUHOLPLWV&RQVHTXHQWO\ WKHREVHUYDWLRQSHULRGFDQ
RQO\ EH VKRUW 1HYHUWKHOHVV WR DSSO\ WKLV DSSURDFK ZH XVH VFHQDULRV 2QH VFHQDULR LV D VHTXHQFH
FRQVWLWXWHGRIDVXFFHVVLRQRIVWDWHVDVVRFLDWHGWRWKHORFDOL]DWLRQIXQFWLRQ7RREWDLQGLIIHUHQWVFHQDULRV
ZLWKWKH(UJRVSDFHVRIWZDUHUDZGDWDDUHFROOHFWHGDVIROORZVWKHUXQRIDZDJRQHTXLSSHGZLWKWKH*36
UHFHLYHULVVLPXODWHGDWVHYHUDOPRPHQWVRQDJLYHQGD\LQRUGHUWRFRQVLGHUGLIIHUHQWFRQILJXUDWLRQVRI
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WKH*36VDWHOOLWHFRQVWHOODWLRQ7KHZDJRQUXQVWKURXJKWKHVDPHLWLQHUDU\ZLWKDVWDUWDWWKHEHJLQQLQJRI
HDFKKRXU7KHQXPEHURIVFHQDULRVLVHVWDEOLVKHGNQRZLQJWKDWDVDWHOOLWHFRQILJXUDWLRQIRUDJLYHQSODFH
DWDJLYHQLQVWDQWZLOOEHQHDUO\WKHVDPHKRXUVODWHU7KXVZHFRQVLGHUWKDWRQHVLPXODWLRQSHUIRUPHG
HDFKKRXURQDJLYHQGD\LVVXIILFLHQWDQGZLOOOHDGWRGLVWLQFWVFHQDULRV,WUHIHUVWRDZDJRQWKDWGRHV
VHYHUDOURXQGWULSVSHUGD\
5HVXOWVRIWKHDSSURDFK
7KHXWLOL]DWLRQRIWKHSURSRVHGSURFHGXUHOHDGVWRHYDOXDWLRQVDVVRFLDWHGWRDJLYHQOHYHORIDFFXUDF\
/HYHOV DUH GLIIHUHQW IURPRQH UDLOZD\ DSSOLFDWLRQ WR DQRWKHU DV GLIIHUHQW ORFDOL]DWLRQ SHUIRUPDQFHV DUH
H[SHFWHG7RFRYHUDZLGHUDQJHRIDSSOLFDWLRQVZHKDYH WHVWHG WKUHH OHYHOVRIDFFXUDF\DQG
PHWHU
7DEOH5$06SURSHUWLHVREWDLQHGIRUHQYLURQPHQWVDVVRFLDWHGWRGLIIHUHQWDFFXUDF\OHYHO
(QYLURQPHQW $FFXUDF\LQP
087
LQVHF
0'7
LQVHF
$YDLODELOLW\
LQ
:RRGHG    
    
    
5DLOZD\FXWWLQJ    
    
    
7XQQHO    
    
    
8UEDQ    
    
    

7KHUHVXOWVSUHVHQWHGLQ7DEOHVKRZWKDWZLWKWKHVDPHHQYLURQPHQWDOFRQVWUDLQWVWKH087YDOXHV
GHFUHDVHZLWKWKHJURZWKRIDFFXUDF\DQGWKH0'7YDOXHVLQFUHDVHZLWKWKHJURZWKRIDFFXUDF\,QGHHG
WKHDSSOLFDWLRQDVVRFLDWHGWRWKHPRVWWROHUDQWDFFXUDF\UHTXLUHPHQWZLOOKDYHQDWXUDOO\EHWWHUUHVXOWVWKDQ
WKHRWKHUV
7KH XUEDQ HQYLURQPHQW KDV WKH KLJKHVW 087  VHFRQGV IRU DQ DFFXUDF\ UHTXLUHPHQW RI P
FRPSDUHGWRWKHRWKHUHQYLURQPHQWV7KHRSHUDWLQJSHULRGVEHFRPHYHU\VKRUWDVVRRQDVDKLJKHUOHYHORI
DFFXUDF\ LV UHTXLUHG  WR DOPRVW  VHFRQGV ,Q IDFWZKHQ D UHFHLYHUPRYHV LQ VXFK DUHD WKH VDWHOOLWH
YLVLELOLW\YDULHV VWURQJO\EHFDXVHRI WKHH[WUHPHO\XQHYHQ HOHYDWLRQRI WKHDUFKLWHFWXUDO HOHPHQWVDORQJ
WKHURXWH0DVNLQJHIIHFWVSHUWXUEWKHQWKHUHFHSWLRQRIWKHVLJQDOVDQGFRQVHTXHQWO\GHJUDGHWKHDFFXUDF\
DQG OLPLW WKH DYDLODELOLW\ RI WKH VHUYLFH 7KHVH UHVXOWV SURYH WKDW IRU WKH XUEDQ HQYLURQPHQW WKH
ORFDOL]DWLRQIXQFWLRQHQWHUVIUHTXHQWO\LQGRZQVWDWHVIRUKLJKDFFXUDF\OHYHOV
/RZ 087 YDOXHV LQ WXQQHO DUH QRW VLJQLILFDQW EHFDXVH WKH\ RQO\ H[SOLFLW WKH DEVHQFH RI VLJQDO
UHFHSWLRQ LQ WXQQHO$OVR WKH DYDLODELOLW\ LV UHODWLYHO\ ORZ WKH UHFHSWLRQ LV LQ WKHPRGH ³DOORUQRQH´
HLWKHU LW LV DYDLODEOH DQG DFFXUDWH RU WRWDOO\ XQDYDLODEOH )RU WKH RWKHU HQYLURQPHQWV WKH0'7 YDOXHV
ORJLFDOO\LQFUHDVHZLWKWKHJURZWKRIDFFXUDF\)RUDQDFFXUDF\UHTXLUHPHQWRIPWKH0'7DQG087
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YDOXHVDUHHTXLYDOHQW7KLVSURYHV WKDW IRU WKLVPOHYHO WKH WUDQVLWLRQVEHWZHHQXSDQGGRZQVWDWHV
YDU\HQRUPRXVO\
7KHZRRGHGHQYLURQPHQWKDVWKHKLJKHVW0'7VHFRQGVIRUDQDFFXUDF\OHYHORIPEHFDXVHRI
WKHYDULDELOLW\RIWKHHQYLURQPHQW
)RUWKHUDLOZD\FXWWLQJRFFXUUHQFHVRIGRZQVWDWHVDUHIUHTXHQWDV087DUHVKRUWEXWDYDLODELOLW\LV
KLJK7KLVSURYHVLQIDFWWKDWVWDWHWUDQVLWLRQVDUHPXOWLSOH
6\QWKHVLV
7KHUHVXOWVHPSKDVL]HWKDWPHDQXSWLPHVDUHJUHDWHULQHQYLURQPHQWVZLWKYDU\LQJFRQGLWLRQVOLNHWKH
XUEDQ DQG ZRRGHG HQYLURQPHQWV DV RSSRVHG WR WKH RWKHU HQYLURQPHQWV 7KH WXQQHO HQYLURQPHQW LV D
VSHFLILFFDVH0HDQYDOXHVDUHQRWVLJQLILFDQWEHFDXVH0'7RUDYDLODELOLW\YDOXHVRQO\UHO\RQWKHWXQQHO
OHQJWK9DOXHVWKDWFKDUDFWHUL]HWKHWXQQHOHQWUDQFHDQGH[LWDUHWKHRQO\RQHVZKLFKDUHPHDQLQJIXO7KH\
KDYHVRWREHDQDO\]HGLQVWDQWSHULQVWDQWDQGQRWXVLQJDYHUDJHYDOXHV
,QDOOFDVHVUDSLGGHJUDGDWLRQVRITXDOLW\FDQEHREVHUYHGZKHQWKHDFFXUDF\UHTXLUHPHQWLQFUHDVHV
'HJUDGDWLRQVDUHWKHJUHDWHVWIRUWKHXUEDQHQYLURQPHQW
)RUDPOHYHOVWDWHWUDQVLWLRQVDUHPRVWIUHTXHQWHVSHFLDOO\LQWKHUDLOZD\FXWWLQJFDVH
&RQFOXVLRQ
,Q WKH UDLOZD\ GRPDLQ VWDQGDUGV DUH XVHG WR FRQWURO WKH LQWHJUDWLRQ RI QHZ HTXLSPHQW LQ VDIHW\
DSSOLFDWLRQV7KHREMHFWLYHLVWRHQVXUHWKHDGHTXDWHVDIHW\FRQGLWLRQVZKHQXVLQJVXFKHTXLSPHQWLQWKH
JXLGHGWUDQVSRUWDWLRQV\VWHP(YHQLIH[SHULPHQWVKDYHVKRZQWKHDSSOLFDELOLW\RI*166LQWKHUDLOZD\
GRPDLQ WKH XWLOL]DWLRQRI WKHGLIIHUHQW H[LVWLQJ *36*/21$66(*126RU IXWXUH VDWHOOLWH V\VWHPV
*$/,/(2 FDQQRW EH WDNHQ IRU JUDQWHG LQ WKH DSSOLFDWLRQV GHGLFDWHG WR VDIHW\ ,QGHHG DQDO\VWV LQ D
FHUWLILFDWLRQFRQWH[WDUHIDFHGZLWKGLIILFXOWLHVWRDSSO\WKH5$06HYDOXDWLRQWHFKQLTXHVUHFRPPHQGHG
E\WKHUDLOZD\VWDQGDUGVWRH[DPLQH5$06SURSHUWLHVRI*166VROXWLRQV
,QWKLVDUWLFOHDSURFHGXUHXVLQJGDWDEDVHGRQH[SHULPHQWVZDVSURSRVHGWRHYDOXDWH5$06SURSHUWLHV
7KHREWDLQHG UHVXOWV LQ WKH IUDPHZRUNRI WKH7U#LQ0'SURMHFW VKRZHG WKH LPSDFWRQ WKH ORFDOL]DWLRQ
IXQFWLRQRIGLIIHUHQWUDLOZD\HQYLURQPHQWVZLWKLGHQWLFDOJHRPHWU\IHDWXUHV
$FNQRZOHGJHPHQWV
7KLV UHVHDUFK LV FRQGXFWHG LQ WKH IUDPHZRUN RI WKH 7U#LQ0' SURMHFW VXSSRUWHG E\ WKH )UHQFK
3URJUDPRI5HVHDUFKDQG,QQRYDWLRQLQ7HUUHVWULDO7UDQVSRUW35(',7
5HIHUHQFHV
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6LPXODWLRQDSSURDFKHVWRHYDOXDWHGHSHQGDELOLW\RIVDWHOOLWHEDVHGSRVLWLRQLQJVHUYLFHVLQ
UDLOZD\WUDQVSRUWDWLRQDSSOLFDWLRQV(65(/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
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7UDQVSRUW6\VWHPVDQG6HUYLFHV0DGULG6SDLQ

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(1VWDQGDUG5DLOZD\$SSOLFDWLRQV6SHFLILFDWLRQDQGGHPRQVWUDWLRQRI5HOLDELOLW\$YDLODELOLW\0DLQWDLQDELOLW\DQG
6DIHW\5$06&(1(/(&(XURSHDQVWDQGDUG(XURSHDQ&RPPLWWHHIRU(OHFWURWHFKQLFDO6WDQGDUGL]DWLRQ

(1VWDQGDUG5DLOZD\$SSOLFDWLRQV&RPPXQLFDWLRQVLJQDOOLQJDQGSURFHVVLQJV\VWHPV6DIHW\UHODWHGHOHFWURQLF
V\VWHPVIRUVLJQDOOLQJ&(1(/(&(XURSHDQVWDQGDUG(XURSHDQ&RPPLWWHHIRU(OHFWURWHFKQLFDO6WDQGDUGL]DWLRQ

*X;)HDVLELOLW\RI*166*DOLOHREDVHGWUDLQORFDWLRQIRUVDIHW\UHOHYDQWDSSOLFDWLRQV6LJQDO'UDKW,QWHUQDWLRQDO
SS

/DQQR\$$VXUYH\RIPHWKRGVDQGWRROVIRUUHOLDELOLW\HYDOXDWLRQRI66&V7KHUG,QWHUQDWLRQDO&RQIHUHQFHRQ
0DWKHPDWLFDO0HWKRGVLQ5HOLDELOLW\005¶7URQGKHLP1RUZD\

0LQDU\%75#,10'WKH,QWHOOLJHQW5DLOZD\7UDQVSRUWIRU+D]DUGRXV*RRGV7KHWK:RUOG&RQJUHVVRQ5DLOZD\V
5HVHDUFK:&556HRXO.RUHD

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*166EDVHGIDLOVDIHWUDLQSRVLWLRQLQJV\VWHPIRUORZGHQVLW\WUDIILFOLQHVEDVHGRQ
RQHGLPHQVLRQDOSRVLWLRQLQJDOJRULWKP1$9,7(&QG(6$:RUNVKRSRQ6DWHOOLWH1DYLJDWLRQ8VHU(TXLSPHQW
7HFKQRORJLHV1RRUGZLMN7KH1HWKHUODQGV
